REMARKS 



Claims 1, 2, 8, and 9 were examined and reported in the Office Action. Claims 1, 2, 8, 
and 9 are rejected. Claims 1 and 8 are amended. Claims 1, 2, 8, and 9 remain. 

Applicant requests reconsideration of the application in view of the following remarks. 

I. 35 V.S.C. S 102fa) 

It is asserted in the Office Action that claims 1-2 and 8-9 are rejected in the Office 
Action under 35 U.S.C. § 102(a), as being anticipated by '"Orientation dependent microwave 
dielectric properties of ferroelectric BSTthin films'" by Moon et al ("Moon"). Applicant 
respectfully traverses the aforementioned rejection for the following reasons. 

Applicant asserts that Moon is not a valid prior art document under 35 U.S.C. § 102(a) 
as Applicant's priority date is November 29, 2002, while Moon has a later date of September 15, 

2003. Under 37 C.RR. § 1 .55 (a)(4)(i)(B) and (4)(ii), a verified English translation of the 
certified copy is submitted with this response along with a statement that the translation of the 
certified copy is accurate. 

Accordingly, withdrawal of the 35 U.S.C. §102 (a) rejections for claims 1-2 and 8-9 are 
respectfully requested. 

II, 35 V.S.C. § 103(a) 

A. It is asserted in the Office Action that claims 1-2 and 8-9 are rejected in the Office 

Action under 35 U.S.C. § 103(a), as being unpatentable over U. S. Patent No. 7,145,412 issued 
to Hunt et al ("Hunt"), Applicant respectfully traverses the aforementioned rejection for the 
following reasons. 

According to MPEP §2142 

[t]o establish a prima facie case of obviousness, three basic criteria 
must be met. First, there must be some suggestion or motivation, 
either in the references themselves or in the knowledge generally 
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available to one of ordinary skill in the art, to modify the reference 
or to combine reference teachings. Second, there must be a 

reasonable expectation of success. Finally, the prior art reference 
(or references when combined) must teach or suggest all the claim 
limitations. The teaching or suggestion to make the claimed 
combination and the reasonable expectation of success must both 
be found in the prior art, and not based on applicant's disclosure. 
( In re Vaeck , 947 R2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991)). 

Further, according to MPEP §2143.03, "[t]o establish prima facie obviousness of a 
claimed invention, all the claim Hmitations must be taught or suggested by the prior art. ( In re 

Royka, 490 R2d 981, 180 USPQ 580 (CCPA 1974)." "All words in a claim must be considered 
in judging the patentability of that claim against the prior art." ( In re Wilson , 424 F.2d 1382, 
1385, 165 USPQ 494, 496 (CCPA 1970), emphasis added.) 

Applicant's amended claims 1 and 8 clarify the structural differences between the 
claimed invention and Hunt. Hunt discloses in Fig. 1 that the BST layer 14 is formed on top 
electrode 12, not on the substrate 11. Therefore, the structure of Hunt's device is 
distinguishable from Applicant's claimed invention as amended claims 1 and 8 contain the 
limitations of "a ferroelectric/dielectric (Bai.x,Srx)Ti03 (BST) thin film oriented in a (111) 
direction coupled directly to the MgO substrate and being directly grown on the MgO substrate 
by pulsed laser ablation, wherein x is a number and represents a composition ratio." 

Moreover, by viewing the disclosure of Hunt, one can not jump to the conclusion of 

obviousness without impermissible hindsight. According to MPEP 2142, 

[t]o reach a proper determination under 35 U.S.C. 103, the 
examiner must step backward in time and into the shoes worn by 
the hypothetical 'person of ordinary skill in the art' when the 
invention was unknown and just before it was made. In view of 
all factual information, the examiner must then make a 
determination whether the claimed invention *as a whole' would 
have been obvious at that time to that person. Knowledge of 
applicant's disclosure must be put aside in reaching this 
determination, yet kept in mind in order to determine the 
^differences,' conduct the search and evaluate the 'subject matter 
as a whole' of the invention. The tendency to resort to 'hindsight' 
based upon applicant's disclosure is often difficult to avoid due to 
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the very nature of the examination process. However, 
impermissible hindsight must be avoided and the legal conclusion 
must be reached on the basis of the facts gleaned from the prior art. 

Applicant submits that without first reviewing Applicant's disclosure, no thought, 

whatsoever, would have been made to 

a feiToelectric/dielectric (Bai.x,Srx)Ti03 (BST) thin film oriented in 
a (111) direction coupled directly to the MgO substrate and 
being directly grown on the MgO substrate by pulsed laser ablation, 
wherein x is a number and represents a composition ratio; and an 
interdigital single layer electrode pattern formed on the 
ferroelectric/dielectric BST thin film and separated from the MgO 
substrate. 

Since Hunt does not teach, disclose or suggest all the limitations of Applicant's amended 
claims 1 and 8, as listed above. Applicant's amended claims 1 and 8 are not obvious over Hunt in 
view of no other prior art since a prima facie case of obviousness has not been met under MPEP 
§2142. Additionally, the claims that directly or indirectly depend from amended claims 1 and 8, 
namely claims 2, and 9, respectively, would also not be obvious over Hunt in view of no other 
prior art for the same reason. 

Accordingly, withdrawal of the 35 U.S.C. §103 (a) rejections for claims 1-2 and 8-9 are 

respectfully requested. 

B. It is asserted in the Office Action that claims 1-2 and 8-9 are rejected in the Office 

Action under 35 U.S.C. § 103(a), as being unpatentable over Hunt in view of Moon. Applicant 
respectfully traverses the aforementioned rejection for the following reasons. 

Applicant has addressed Hunt regarding independent claims 1 and 8 above in section 

1(A). 

Applicant asserts that that the 35 U.S.C. § 103(a) rejection of claims 1-2 and 8-9 as 
being obvious over Hunt in view of Moon is moot since Moon is invahd prior art as asserted 
above in section L 
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Further, since Hunt does not teach, disclose or suggest all the limitations of Applicant's 
amended claims 1 and 8, as listed above. Applicant's amended claims 1 and 8 are not obvious 
over Hunt since a prima facie case of obviousness has not been met under MPEP §2142. 
Additionally, the claims that directly or indirectly depend from amended claims 1 and 8, namely 
claims 2, and 9, respectively, would also not be obvious over Hunt for the same reason. 

Accordingly, withdrawal of the 35 U.S.C. §103 (a) rejections for claims 1-2 and 8-9 are 
respectfully requested. 
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CONCLUSION 



In view of the foregoing, it is believed that all claims nov^ pending, namely 1-2 and 8-9, 
patentably define the subject invention over the prior art of record and are in condition for 
allowance and such action is earnestly solicited at the earliest possible date. 

If necessary, the Commissioner is hereby authorized in this, concurrent and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 02-2666 for any 
additional fees required under 37 C.F.R. §§ L 1 6 or 1 . 1 7, particularly extension of time fees. If 
a telephone interview would expedite the prosecution of this Application, the Examiner is invited 
to contact the undersigned at (310) 207-3800. 



Dated: July 3 K 2007 



1279 Oakmead Parkway 
Sunnyvale, California 94085-4040 
(310) 207-3800 



Respectfully submitted, 

BLAKELY, SOKOLpFF, TAYLOR/^ZAFMAN LLP 



By: 





Steven Laut, Reg. No. 47,736 



CERTIFICATE OF TRANSMISSION 
I hereby certify that this correspondence is being submitted 
electronically via EFS Web on the date shown below to the United 
States Patent and Trademark Office. 




July 31,2007 
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EXHIBIT 1 



VERIFICATION OF TRANSLATION 

I, the below named translator, hereby declare: 

that my name and my post office address are as stated below; and 
that [ am knowledgeable in the English and Korean languages and that I believe 
the following is a true and complete translation into the English language of KR Patent 
Application No. 10-2002-0075291 filed in the Korean Intellectual Patent Office on 
November 29, 2002. 

Signed on 30th day of July, 2007 



KIM, BONGS-SEOK 



Full name of translator 




Signature of translator 



ID TOWER #601, JUNGDAERO 105(99-7 GARAK-DONG) 
SONGPA-GU,- SEOUL, 138-805 



Post Office Address 



[Abstract! 

[Abstract] 

Provided is a microwave tunable device including a 
ferroelectric/dielectric (Bai-x/Srx)Ti03 (BST) thin film 
5 that can reduce dielectric loss of a 
ferroelectric /dielectric BST thin film- The microwave 
tunable device of the present research includes : a 
substrate ; and a ferroelectric/dielectric ( Bai-x r Srx ) TiOa 
(BST) thin film of a (111) direction which is formed on the 
10 substrate. The technology of this research embodies a 
microwave tunable device by using a 

ferroelectric/dielectric BST thin film grown in the (111) 
direction to overcome the limitation of conventional 
technologies and improve the problem of dielectric loss. 

15 

[Representative Drawing] 
Fig. lb 



[Keyword] 

20 (Bai^xf Srx)Ti03 (BST) , a ferroelectric/dielectric thin 

film, microwave tunable device, dielectric constant, 
dielectric loss 
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[Specification! 



[Title] 

MICROWAVE TUNABLE DEVICE HAVING 
FERROELECTRIC/DIELECTRIC BST FILM 



[Brief Description of the Drawing] 
Figs, lA and IB are a plane figure and a perspective 
diagram illustrating an interdigital capacitor used in a 
10 tunable filter or a tunable capacitor; 

Fig. 2 is a diagram modeling a perovskite scheme which 
is one of the representative schemes of 
ferroelectric/dielectric material; 

Fig. 3 is a diagram illustrating a crystal face of the 
15 (111) direction; 

Fig. 4 is a graph showing 9-29 x-ray diffraction 
patterns of a ferroelectric/dielectric (Bai_x,Srx)Ti03 (BST) 
thin film, which is grown by a pulsed laser ablation method 
at different deposition temperatures; 
20 Fig . 5 is a graph showing 9-29 x-ray diffraction 

patterns of a ferroelectric/dielectric BST thin film grown 
by a pulsed laser deposition method in the directions of 
(001), (Oil) and (111); and 

Figs. 6A and 6B are graphs depicting quality factor 
25 (Q) and the variation rate of a dielectric constant based 
on the direct current voltage applied to the interdigital 
capacitor embodied by using a ferroelectric /dielectric BST 
thin film. 
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* Illustration of the reference numerals in the 
drawings 

100: MgO substrate 

110: ferroelectric/dielectric BST thin film 
120: electrode pattern 

[Detailed Description of the Invention] 
[object of the Invention! 

[Field of the Invention and Related Art] 
The present invention relates to a microwave device; 
and/ more particularly, to a microwave tunable device 
including a ferroelectric/dielectric ( Bai^x r Srx ) TiOs ( BST ) 
thin film. 

Among dielectric oxide films, a 

ferroelectric/dielectric (Bai-xr Srx)Ti03 (BST) thin film can 
be applied to many fields due to its various 
characteristics, such as a non-volatile memory device using 
two stable remanent polarizations, a capacitor in a memory 
device using a large dielectric constant, an uncooled 
infrared sensor using pyroelectricity, a fine driving 
device using piezoelectricity, and an optical device using 
an electro-optic effect. 

A microwave tunable device including a 
ferroelectric /dielectric material utilizes the difference 
in dielectric constants, which is caused by the change in 
the fine structure of the ferroelectric/dielectric material 
when electric field is applied to it. For example, a phase 
shifter is a core element of a phase array antenna system 



where the direction of an antenna beam is controlled not 
mechanically but electrically; a voltage controlled 
capacitor or a frequency tunable filter that utilizes the 
change in the dielectric constant of a 
5 ferroelectric/dielectric material which is different based 
on a given electric field; a voltage controlled resonator; 
an oscillator ; and a voltage controlled distributor . In 
particular, a ferroelectric/dielectric phase shifter has 
more advantages than other conventional competitive devices. 

10 since the ferroelectric/dielectric material has a large 
dielectric constant, a smaller and lighter 
ferroelectric/dielectric phase shifter can be obtained, 
Also, due to the characteristics of small response time and 
small leakage current the ferroelectric/dielectric material 

15 has, it consumes a small amount of electric power, low 
production cost and maintains stable microwave transmission 
characteristics even under the high microwave transfer 
power . 

Prior to the development of a mult i -component oxide 
20 thin film technology, single crystal or compressed powder 
ceramic is used to embody a microwave tunable device. 
However, this technology has problem that it is hard to 
grow the single crystal layer and that the relatively large 
dielectric constant makes it hard to design for impedance 
25 matching, thus inducing large reflection loss of a 
transmission wave. These days, a ferroelectric/dielectric 
thin film is usually used to embody a microwave tunable 
device . The dielectric constant of the 

ferroelectric/dielectric thin film used here should be 



changed by the electric field very much, and the dielectric 
loss of the ferroelectric/dielectric material should be 
small. As a material that can satisfy these requirements, 
(Bai^xf Srx)Ti03 (BST) is used widely. 
5 In the microwave tunable device including a 

ferroelectric/dielectric BST thin film, the device loss 
occurs for three reasons, except for the loss generated by 
the design itself: the loss by electrodes, the loss by 
radiation, and the loss by a ferroelectric/dielectric 

10 material itself. The loss by electrodes can be reduced by 
making the thickness of the electrode several times thicker 
than the skin depth of the transmission wave. The loss by 
radiation can be reduced by performing packaging properly. 
However, in case of the loss by a ferroelectric/dielectric 

15 material itself, there is no way to reduce it by other 
methods, for example, the above-described method. 

Conventionally, a microwave tunable device is formed 
using a ferroelectric/dielectric BST thin film which is 
grown in the direction of (001) or (Oil). Particularly, a 

20 microwave tunable device using a BST thin film of the (Oil) 
direction has the almost same dielectric loss as the 
microwave tunable device using a BST thin film of the (001) 
direction, but it has a much larger change rate of 
dielectric constant than that. 

25 Basically, there is a limit in reducing the loss of a 

microwave tunable device which is generated by the 
dielectric loss of the ferroelectric/dielectric BST thin 
film. This has been pointed out as a problem when the 
microwave tunable device using a BST thin film of the (Oil) 



direction is compared with other microwave tunable device 
using a ferroelectric substance or a semiconductor, 

[Summary of the Invention] 
5 It is, therefore, an object of the present invention 

to provide an ultrahigh tunable device that can reduce the 
dielectric loss of a ferroelectric/dielectric (Bai« 
x,Srx)Ti03 (BST) thin film, 

10 [preferred Embodiment of the Invention] 

In accordance with an aspect of the present invention, 
there is provided a microwave tunable device, including: a 
substrate; and a ferroelectric/dielectric BST thin film of 
a (111) direction which is formed on the substrate. 

15 In accordance with another aspect of the present 

invention, a microwave tunable device is embodied by using 
a ferroelectric/dielectric BST thin film which is grown in 
the (111) direction. The problem of loss in a microwave 
tunable device can be improved this way. 

20 Hereinafter, Other objects and aspects of the 

invention will become apparent from the following 
description of the embodiments with reference to the 
accompanying drawings, which is set forth hereinafter. 

Figs. lA and IB are a plane figure and a perspective 

25 diagram illustrating an interdigital capacitor used in a 
tunable filter or a tunable capacitor. Following is a 
process for manufacturing a microwave tunable device in 
accordance with an embodiment of the present invention. 

First , a ferroelectric /dielectric ( Bai_xr Srx )Ti03 ( BST ) 

6 



thin film 110 is grown on a MgO substrate 100. The 
temperature of the substrate is increased over a 
predetermined levels and the ferroelectric /dielectric BST 
thin film 110 is grown. The thickness of the 

5 ferroelectric/dielectric BST thin film 110 can be 
controlled from a couple of nm to several mm according to 
the usage of the device. Desirably, a pulsed laser 
ablation is used here to grow the ferroelectric/ dielectric 
BST thin film 110. The pulsed laser ablation is a method 

10 depositing a material by concentrating a high-energy laser 
with reflection and concentration plates, such as KrF, on a 
target in a chamber and ablating the target material. This 
method is good for depositing a material including multi- 
components in the form of a thin film . It has a quicker 

15 deposition speed than those of other deposition methods. 

Subsequently, a material for forming electrodes is 
deposited on the ferroelectric/dielectric BST thin film 110, 
and an electrode pattern 120 is formed by performing 
photolithography and etching processes. The microwave 

20 tunable device embodied through the above processes is 
operated by applying direct current or alternating current 
voltage thereto. 

Fig. 2 is a diagram modeling a perovskite scheme which 
is one of the representative schemes of 

25 ferroelectric/dielectric material. In the perovskite 
scheme, BST has oxygen (0) at the center of the respective 
faces of the cube , barium ( Ba ) or strontium { Sr ) at the 
angular points, and titanium (Ti) at the center of the cube. 

Fig. 3 is a diagram illustrating a crystal face of the 
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(Ill) direction. 

Meanwhile, the MgO substrate 100 has a structure of 
NaCl, which is cubical. For this reason, it is popularly 
used for growing a BST thin film. However, the lattice 
5 constants of MgO and BST are 4.212 and 3.965, respectively. 
Since the difference between the two lattice constants is 
6.2 %, proper deposition conditions should be satisfied in 
order to grow the BST thin film 110 on the MgO substrate 
100, such as the distance between the substrate and the 

10 target, deposition pressure, and deposition temperature. 

Fig. 4 is a graph showing 6-20 x-ray diffraction 
patterns of a ferroelectric/dielectric BST thin film, which 
is grown in a pulsed laser deposition method based on 
different deposition temperatures . Since the orientation 

15 of the (111) direction shows no considerable change in the 
deposition pressure when the distance between the target 
and the substrate is fixed at 5cm, the deposition pressure 
is set to be 2 00 mTorr. When the deposition temperature is 
750^C, additional peak appears in the (001) direction. The 

20 intensity of (001) peak, however, is lowered as the 
deposition temperature is raised. When the deposition 
temperature is 825° C, peaks show up in the (111) direction 
where there is no peak of the (001) direction. 

Fig. 5 is a graph showing d-2B x-ray diffraction 

25 patterns of a ferroelectric/dielectric BST thin film grown 
by a pulsed laser deposition method in the directions of 
(001), (Oil) and (111). Fig. 5 shows that x-ray peaks 
appear only in the directions of (001), (Oil) and (111). 
This signifies that the ferroelectric/dielectric BST thin 



films of the respective directions are grown to be matched. 
Figs. 6A and 6B are graphs depicting quality factor 
(Q) and the change rate of a dielectric constant based on 
the direct current voltage applied to the interdigital 
5 capacitor embodied by using a ferroelectric/dielectric BST 
thin film. Referring to Fig. 6A, a device including a BST 
thin film of the (Oil) direction showed the largest change 
rate in dielectric constant based on the applied direct 
current voltage. However, the other device embodied with 

10 two BST thin films of the (001) and (111) directions showed 
more than 50% of a dielectric constant change rate. 

Referring to Fig . 6B , since a quality factor 
conceptualizes an inverse number of dielectric loss, the 
larger a quality factor is, the less the dielectric loss 

15 becomes. Differently from the change rate of dielectric 
constant, the value of quality factor appeared in a device 
embodied with a BST thin film of the (111) direction more 
than twice as large as that of a device embodied with two 
BST thin films of (110) and (Oil) direction. In case of a 

20 ferroelectric/dielectric thin film, the dielectric loss 
becomes small generally as the applied voltage is raised. 
In the case of Fig. 6B, the applied voltage is 0 V. 

Usually, the larger the change rate of dielectric 
constant and the Q value, the better it is. However, 

25 experiments report that the two values tend to be in 
inverse proportion to each other. Characteristics of a 
device are known by the multiplication of the two values. 
Therefore , when the values measured in the devices , each 
embodied based on the orientation of a thin film, are 



compared, the values are 6, 5 and 10 with respect to the 
(001), (Oil) and (111) directions, respectively. In 
conclusion, a device embodied with a BST thin film of the 
(111) direction has the largest value. 
5 The BST thin film of the (111) direction showed the 

excellent characteristics mainly because of the difference 
in the physical property according to the orientation of 
the ferroelectric/dielectric BST thin film, that is, the 
difference in the direction of dipoles that react to the 

10 electric field and the direction of the electric filed 
applied thereto according to the orientation of the 
ferroelectric/ dielectric BST thin film. Besides, there 
may be other factors, such as oxygen vacancy within the BST 
thin film, the difference in the thermal expansion rate 

15 between the BST thin film and the substrate, strain/stress 
between the BST thin film and the substrate and the like. 

While the present invention has been described with 
respect to certain preferred embodiments, it will be 
apparent to those skilled in the art that various changes 

20 and modifications may be made without departing from the 
scope of the invention as defined in the following claims. 

For example, the embodiment described above shows a 
case where an MgO substrate is used as a substrate for a 
microwave tunable device. However, the microwave tunable 

25 device can be embodied on another type of substrate. 

The technology of the present invention can be applied 
to all microwave tunable devices including a voltage 
tunable capacitor , a voltage tunable resonator , a voltage 
tunable filter, a phase shifter, a distributor , an 



oscillator and the like. 

[Effect of the Invention] 
The microwave tunable device including a 

5 ferroelectric/dielectric BST thin film of the (111) 
direction , which is formed in accordance with the present 
invention, has a property of excellent response due to 
relatively small dielectric loss of the BST thin film. 
Since it can reduce the deformation or loss of data by 

10 producing small electric wave loss in a phase array antenna 
system or a satellite communication system and, thus, 
reduce the amount of amplification when electric wave is 
discharged from an antenna, the microwave tunable device of 
the present invention is very advantageous in the aspect of 

15 output efficiency of the entire system. 
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what is claimed is: 

1. A microwave tunable device, comprising: 
a substrate; and 
5 a ferroelectric/dielectric (Bai^xf Srx)Ti03 (BST) thin 

film of a (111) direction which is formed on the substrate. 

2 • The microwave tunable device as recited in 
claim 1, wherein the ferroelectric/dielectric BST thin film 

10 is grown by performing a laser ablation. 

3 . The microwave tunable device as recited in 
claims 1 or 2, wherein the substrate is an MgO substrate. 
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